The Urak Lawoi are indigenous fishermen on Thailand's west coast. The population includes an estimated 400 divers who dive using surface-supplied compressed air. In a cross-sectional survey conducted among the 6 major communities of Urak Lawoi, questionnaire-based interviews were administered to active divers, ex-divers, and families or colleagues of divers who had died in the previous 5 years. Six deaths resulting from diving-related accidents were identified, indicating a diving-related mortality rate of approximately 300 per 100,000 person-years, while in the same 5-year period 11 divers had been disabled owing to diving-related events, indicating a diving-related disabling event rate of approximately 550 per 100,000 person-years. Among 342 active divers interviewed, one third reported having suffered from decompression illness, although based on reported current symptoms over 50% were classified as suffering from recurring non-disabling decompression illness. Physical examination conducted on a subset of 98 active divers revealed the presence of spinal injury (clonus, raised muscle tone, and heightened reflexes) and of joint damage (pain in one or more joint, crepitus, or restricted movement) in 24 and 30% respectively. Improved primary prevention and medical treatm ent are needed to reduce mortality and m orbidity among this population. indigenous divers Thailand m ortality morbidity decompression illness Downloaded by [185.55.64.226] at 10
IN T E R N A T IO N A L J O U R N A L O F O C C U P A T IO N A L S A F E T Y A N D E R G O N O M IC S 2 0 0 0 , V O L . 6, N O . 2 , 1 4 7 -1 6 7
The Indigenous Fisherman Divers of Thailand:
Diving-Related Mortality and Morbidity
INTRODUCTION
A group of 400 men between the ages of 11 and 62 earn their living by diving using compressors to gather fish, seashells, and other marine products on Thailand's west coast. A research project, in partnership with the Ministry of Public Health, has been active since 1996 addressing the occupational safety and health risks associated with this activity. The target population is a group of indigenous fishermen divers known as the Urak Lawoi (Gold, Geater, Aiyarak, Wongcharoenyong, & Juengprasert, 2000) . The Urak Lawoi, along with another group of indigenous people living to the north of Phuket, are known as the Sea Gypsies. The Urak Lawoi live in nine villages in three provinces between Phuket Island and the border with Malaysia. As some of the villages are quite small, with fewer than 10 divers, the project has created six geographical groupings or communities, three in Phuket Province, one in Krabi Province, and two in Satun Province. There are approximately 400 active divers at any one time based on interviews of heads of all villages. Only males dive. They normally start diving when they finish compulsory education and continue to dive until the age of 50 unless they are unable to do so (Gold et al., 2000) .
Casual observations in the Urak Lawoi villages reveal a number of working-age men with various degrees of physical disability. These disabilities are consistent with the known effects of decompression illness, suggesting
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that occupation-related morbidity may be frequent among this population and a possible common cause of mortality and morbidity. However, there are no registries of divers, injuries, diseases, or deaths for this minority population. Therefore this study sought to document the prevalence of diving-related morbidity and estimate diving-related mortality rates among divers within this population. A subsidiary objective was to link diving practices with recurring morbidity among current divers.
METHODS
Information regarding mortality and morbidity among the target population was obtained using questionnaire-based interviews and physical examination between 1996 and 1997.
Sampling
Three subsets of the diving population were examined: active divers, ex-divers who had stopped diving as a result of diving-related disability, and divers who had died due to diving-related accidents or illness. It was attempted to recruit all currently active divers in six communities (Rawai, Koh Siray, and Sapam in Phuket Province; Koh Lanta in Krabi Province; Koh Li Peh and Koh Boulon in Satun Province) into the study. This was done during repeated visits to each community by local healthcare workers with the assistance of the village heads and diving boat owners or leaders.
• Mortality. To ascertain a history of diving and death within this population, it was necessary to first determine who had died, whether or not the deceased was a diver, and whether or not the death was diving-related. With information ascertained from the chief of the village, the healthcare workers interviewed the family or colleagues of males over the age of 11 who had died within the 5 years prior to the survey within the six communities.
• Disabling morbidity. The health care workers, through the chiefs of villages and dive leaders, sought out those males who had been diving using a compressor but had stopped.
• Morbidity. The entire sample of current compressor-divers was used to identify morbidity that was not sufficient to cause the diver to stop diving at the time of the study.
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• Physical examination. A physical examination was conducted on an availability subset of 98 currently active divers identified in Rawai, Koh Siray, Sapam, and Koh Lanta communities over a l-month period.
Questionnaires
Based on field observations, a series of four questionnaires was designed, translated, and piloted following a World Health Organization (WHO) methodology (Lutz, Chalmers, Hepburn, & Lockerbie, 1992) . Separate questionnaires were developed to elicit responses from chiefs of villages, active divers, disabled divers, and the family or co-workers of deceased divers. In all questionnaires, most of the questions were closed and a few open. Other questions were both open and closed, that is, the interviewer had the ability to fill in a response that was different from the given responses (Lutz et a l 1 992). Sixteen healthcare workers from the provincial medical offices and the subdistricts and villages where the Urak Lawoi reside were trained in administering the questionnaire. These healthcare workers were selected, as they are normally well aware of the health patterns within the village. All interviews were conducted in the Thai language. The questionnaires addressed some basic demographic informa tion, diving practices, awareness of risk and attitudes towards risk, and the morbidity of decompression illness, which is defined as decompression sickness and pressure-related injuries or barotrauma. Diving practices (Gold et al., 2000a) , issues related to attitudes and awareness of hazards (Gold et al., 2000b) , and educational and informational interventions (Gold et al., in press ) are addressed in separate papers.
Identification of Diving-Related Mortality
As the Urak Lawoi are indigenous people living in rural villages, post-mortem examination is uncommon. In defining diving-related deaths, certain clinical signs and symptoms that are directly related to diving practices and not normally found in the population were used. Each death was considered according to causes or reported signs and symptoms likely to be diving-related. The circumstances surrounding each death were examined in order to determine those that were diving-related. These included paralysis and sudden death.
Identification of Diving-Related Disabling Morbidity
Village and subdistrict health-care workers, knowledgeable about disabled individuals in the villages, worked with the village chiefs to identify divers who had stopped diving due to disabling morbidity resulting from diving. Those who had never used a compressor or those who were injured by mechanisms other than diving were excluded. With a view to differentiating between divers who had suffered serious morbidity and divers who had stopped diving for other reasons, if the diver indicated he had changed jobs (for reasons other than injury or illness resulting from diving) or had not had any difficulty when diving, he was not considered as part of the group of disabled divers. For this group, the definition of disabling morbidity includes cases where diving has led to a condition including paralysis, difficulty in breathing, blurred vision, headaches, and other manifestations associated with decompression illness as a consequence of which a diver could no longer dive. By subtracting the year the diver stopped diving from the diver's age, the age at which injury was sustained could be estimated.
Identification of Diving-Related Morbidity Among Active Divers
Interview
Divers were asked several questions about selected signs and symptoms relative to diving-related illness. The following areas were explored: whether the diver often experienced joint pain, tingling, loss of sensation, or inability to move as a result of his diving, and whether the diver had ever experienced and recovered from decompression illness. (Within this population, decom pression illness refers to a situation leading to paralysis, unconsciousness, or other severe signs and symptoms [Aiyarak, 1991] developing decompression illness was created according to the model proposed by Gerth and Vann (1996) using the reported pattern of diving on the last day of diving.
Physical examination
Two senior medical students from the United Kingdom, under the supervision of the Ministry of Public Health, carried out physical examinations. The results of the assessment were later verified by a follow-up examination of a number of selected examinations on the basis of available divers in two villages by an experienced diving medical practitioner. The physical examination included the tympanic membrane, an exami nation of shoulder, hip, knee, and ankle joints for pain, crepitus, and restricted movement, lower limb neurology, clonus, lower limb power, reflexes, sensation, and coordination. The physical examination data were used to group divers into two morbidity categories: damage to joints and spinal injury. A composite variable of joint damage was developed in which the presence of pain on movement, crepitus, or restricted movement in more than one joint indicated diving-related joint damage. Spinal injury was assessed by the presence of clonus, increased tone, and heightened reflexes. A composite variable was developed in which the presence of any of the three CNS (central nervous system)-related signs indicated potential central nervous system damage.
Statistical Analysis
Results were analyzed using Epi Info 6 (Dean et al., 1995) and STATA 5.0 (Stata Corporation, 1997) software. During analysis, the open questions were closed by grouping responses. Crude (bivariate) odds ratios and 95% confidence intervals were calculated to explore the relationships of history of decompression illness, occurrence of recurring, non-disabling decom pression illness, evidence of joint damage, and evidence of spinal injury with community, age of the diver, and duration of diving of current divers. Associations between recurring non-disabling decompression illness and current diving practices and demography were also explored using multi variate logistic regression.
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RESULTS
Interviews were conducted with 9 heads of villages, 342 active divers, 26 disabled divers, and the families or colleagues of 29 males who had died over the past 5 years. The distribution of divers by age is presented in 
Diving-Related Mortality
The results of the survey of deceased divers indicated that there had been 29 deaths of males over the age of 11 within the last 5 years among the whole Urak Lawoi population and that of these 29 deaths, 13 had dived using a compressor (Table 1) . Based on the estimated population of approximately 400 divers at any one time, the mortality rate for the population of divers was therefore 13/400 for the 5-year period. Six of the deaths were directly attributable to diving leading to an occupational death rate of 6 deaths per 400 divers over 5 years or 1.2 deaths per year, equivalent to 300 deaths per 100,000 person-years. 
Diving-Related Disabling Morbidity
Twenty-six divers who had stopped diving were identified in the villages covered by the project. O f the 26, 1 had stopped diving due to a change in jobs, one was found to be still diving, and 2 indicated that they had never had a problem while diving ( The divers reported that they had been healthy prior to the disabling injury. When asked about personal health problems they had been informed about by a health care worker or a doctor prior to the event, 89.5% (17/19) reported none; 1/19 (5.3%) reported circulatory problems; and 5.3% (1/19) reported eye problems. Thirty percent (6/20) reported taking medication before the event, whereas 70% (14/20) denied doing so.
It is widely known that the administration of first aid such as 100% oxygen can reduce the potential for serious injury. Immediate first aid was provided on the boat for 57.9% (11/19) of the divers. First aid provided (as listed by the divers) included massage, 47.4% (9/19); a hot-water bottle, 5.3% (1/19); and painkillers 5.3% (1/19). Twenty-six point three percent (5/19) of the divers reported having received in-water recompression as a treatment for decompression illness. Depth of recompression was reported to be 10 m and reported times ranged from 60 (2/3) to 120 min (1/3).
Among these diving-related disabling events, 11 were known to have occurred within the previous 5 years. Again basing a calculation on a total of approximately 400 divers at any time, the approximate rate of diving-related non-fatal disabling events was 550 events per 100,000 person-years, or about twice the estimated diving-related mortality rate.
Diving-Related Morbidity Among Active Divers
Regarding selected manifestations of decompression sickness, 79.8% (265/332) often reported experiencing joint pain, 76.2% (179/235) tingling, 67.2% (221/239) loss of sensation, and 7.0% (22/316) inability to move.
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Thirty-six percent (121/336) of the divers reported having experienced decompression illness (Table 3) , generally understood by the divers to refer to paralysis, unconsciousness, or other serious signs and symptoms. Using univariate analysis, community of residence as well as age and years of diving were associated with the reported history of decompression illness. Divers living in Phuket Province (with the exception of Sapam community) were more likely to report a history of decompression illness (Table 3) . Probabilities of having a history of decompression illness also increased with age (P-trend = .0004) and years of diving experience (P-trend = .004). However, when recurring non-disabling decompression illness was assessed based on specific reported manifestations, almost all current divers (325/332) were classified as currently experiencing suspected (39.5%) or probable (58.4%) decompression illness (Table 4) . Demographic, experience, and prac tice factors independently associated with experiencing probable recurring decompression illness were explored using multivariate logistic regression. However, evidence of association was found only for community of residence (p likelihood ratio test = .011), with current divers in Koh Siray and Koh Lanta significantly more likely to suffer from recurring non-disabling decompression illness than those in Koh Boulon and Sapam. Although not statistically significant, among the sample of current divers those who were older, had dived for longer, or reported high risk dive profiles had higher percentages of probable recurring non-disabling decompression illness ( Table 4 ). All of the 98 divers given a physical examination were active divers. Joint damage is shown in Table 5 . Pain in one or more joints at rest or with manipulation was present in 38.8% (38/98) of the divers examined. Crepitus in one or more joint was found in 18.4% (18/98) and restricted movement in one or more joint among 5.1% (5/98). In a univariate analysis, the proba bility of having joint damage increased with years of diving (p-trend = .015) but there was little evidence for an association with age (p-trend = .152). Differences among the communities of residence were not statistically significant, probably due to the small numbers available. However, within the sample examined, the percentages of divers with joint damage were higher among the communities of Sapam and Koh Lanta than among those of Rawai and Koh Siray.
TABLE 3. Reported History of Decompression lllness(DCI) Reported History of DCI --------------------------------------------
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Indications of spinal injury are shown in Table 6 . Clonus was present in 15.5% (15/97), most of whom (12/15) had bilateral clonus. Raised muscle tone in the lower limbs was found in 10.3% (10/97) of divers, half of them (5/10) bilateral. Reflexes were graded on a scale 0 to + + +. Heightened reflexes (+ + +) were found in the knee of 6.2% (6/97) divers, among whom 4 were bilateral, and in the ankle of 4.1 % (4/97) of divers, among whom 3 were bilateral. Ten point seven percent (9/84) of divers showed a Babinski sign, 5 of them bilateral. In univariate analysis there was little evidence of a trend of increased probability of having spinal injury with increasing age (P-trend = .089), and no evidence of an association with years of diving (P-trend = .433).
DISCUSSION
This study has revealed high estimated mortality rates among the Urak Lawoi divers as well as high prevalence of disabling and non-disabling morbidity as a result of diving. variables included in the multivariate analysis. It is possible, however, that other features of the diving practice, not recorded in this study, differed among the communities. A complication in examining these factors is that the Urak Lawoi may migrate, from time to time, from one village to another. Relationships between diving practices and morbidity was explored only for the composite variable of suffering from decompression illness on a regular basis, as the direction of causality in any association between current diving practices and the other morbidity variables (history of decom pression illness, spinal injury, and joint damage) could not be ascertained.
An attempt was made to access every member of the three groups of the population concerned. It is likely that the attempt was somewhat less successful for the active diver group than for the other two groups. Nevertheless, based on the estimated population of the total of 400 active divers, the recruitment rate was approximately 85%. According to the heads of villages, the total number of active divers had not changed substantially over the previous 5 or more years. Our estimates of diving-related mortality and diving-related disabling event rates are unlikely to be in serious error as a result of changes in the size of the population at risk over time.
Prevalence estimates of reported experience of decompression illness and of recurring, non-disabling decompression illness among currently active divers, however, may be somewhat less informative both as a result of the healthy worker effect (Fox & Collier, 1976) , whereby those members of the diving community most severely affected are gradually removed from the population of currently active divers, and possibly also owing to any bias in the group of active divers interviewed. Nevertheless, the Urak Lawoi population in Thailand is relatively closed, with migration confined almost entirely to change of residence to other Urak Lawoi villages. Divers who stopped diving because of disability or death were therefore readily identified in this survey. Bias may have been more serious, however, in the use of an availability sample of active divers for the physical examination. Divers with rather greater morbidity may have been more available and thereby be over-represented in the sample. If this is the case, the prevalence of joint damage and spinal injury among currently active divers may have been somewhat overestimated.
It is already reported that diving practices of the Urak Lawoi far exceed what would be considered safe in avoiding decompression illness by accepted standards for civilian and military diving. In view of the high levels of mortality and morbidity revealed in this study a primary approach to reducing mortality and morbidity appears to be to modify diving
